(Received for publication, December 3, 1934) Variations in the colony morphology of pathogenic bacteria were observed many years ago, but it was not until the work of Arkwright (1, 3, 8) , De Kruif (2, 4, 5) , and Northrop and De Kruif (6, 7) that the significance of these variations began to be apparent. Since then, the chemo-immunological studies of Avery and his associates (9) (10) (11) (12) (13) (14) have demonstrated the urgent need of a dearer understanding of the phenomena associated with differences in the colony form of bacteria. As result of studies on dissociation these facts are now evident: In the case of many pathogenic bacteria two principal colony types can be differentiated. Virulence is usually associated with the smooth or mucoid forms, whereas the rough or granular forms are of degraded virulence. Immunologic spedfidty is usually associated with the smooth form, the rough forms showing only group antigenic components. Since the smooth or mucoid forms are the normal ones, the S -~ R change represents a variation known to be correlated with a loss of virulence and antigenic spedfidty.
Although differences in the colony form of tubercle bacilli have been recognized and associated with differences in virulence, non-granular smooth or mucoid colonies of human tubercle bacilli have not previously been observed.
Petrott and his associates were the first to study the dissociation of tubercle bacilli. They demonstrated two or more types of colonies in cultures of human (15, 18, 19, 27) , attenuated bovine (BCG) (16, 17) , virulent bovine (18, 19) , and avian tubercle bacilli (18) (19) (20) . Four colony types were differentiated and stabilized in the case of the avian bacilli. These were designated S, FS, R, and Ch. 395 The first two were highly virulent; the latter two relatively avirulent. The S and R forms closely resemble the corresponding forms of other bacterial species. In the case of the virulent bovine and the BCG strains the colony forms designated S also showed greater virulence than those designated R. The colonies of virulent bovine bacilli designated S resembled the corresponding S forms of other bacteria. Greater difficulty was encountered in studying human strains. In a preliminary report Petroff demonstrated (17, Plate I) rounded, shiny colonies of human tubercle bacilli freshly isolated from sputum. These colonies, when planted in fluid media, grew diffusely. The virulence was not reported. In later studies (18, 19, 27) , however, the colonies designated as S were low, spreading, granular, with somewhat irregular borders (27, Figs. 3 and 4) . They were more easily suspensible than the R forms and sharp differences in virulence, such as were observed with avian bacilli, were also reported. The authors state (27) that "The decrease in virulence of the H-37 R, when compared with the parent culture, is more notable than the increase in virulence of the S." Since the S forms of BCG, and especiaUy of human bacilli, did not resemble the S forms of other bacteria, the designations S and R were applied, not to indicate the appearance of the colonies but rather to indicate the reaction to environment; namely, sensitive and resistant (27, footnote 2).
Further extensive investigations of dissociation of tubercle bacilli have been made by Reed and his associates. They adopted the terminology proposed by Petroff. In an early study (21) , they observed S and R forms in a culture of presumably bovine origin. Neither was virulent. Soon, however, they extended their own and Petroff's observations to demonstrate (22) a correlation between colony structure, acid agglutination, and virulence. Again the S colonies illustrated in the plates were granular, although more virulent than the R forms (22, Plate I, Figs. 8, 9, 10). Rice (23) next used the complement fixation reaction with antigens from S and R variants, and antisera against each, to study the antigenic relationships. The S forms proved to be superior to the R as antigens. Antisera against S forms contained S specific antibodies, whereas R antisera did not. In subsequent reports (24, 25) these observations were extended and analyses made of the sera of tuberculous human beings using S and R antigens and correlating these results with the colony types of tubercle bacilli isolated from the sputum of each individual case (25) .
In reviewing the work of these and other investigators who have studied the types of colonies occurring in cultures of human tubercle bacilli, it was apparent t h a t the colonies designated S were in no wise similar in appearance to the mucoid or smooth forms of other pathogenic bacteria. (See Petroff (27) Figs (26) . I t seemed likely, therefore, t h a t the types of colonies of h u m a n tubercle bacilli heretofore referred to as S were in reality intermediate forms also. The present study was undertaken to determine whether smooth or mucoid colonies of h u m a n tubercle bacilli could be obtained, and if so, to identify some of the factors which influence colony morphology. Several strains of bacilli freshly isolated from s p u t u m and from other h u m a n sources have been studied; and the influence on colony morphology of the acid or alkali routinely used in primary isolation has been investigated.
First Experiment
Material and Methods.--Tuberculous fluids, pus, or tissues, removed aseptically by aspiration or by biopsy from active cases of tuberculous arthritis, spondylitis, or meningitis, were received through the courtesy of Drs. Currier McEwen, of New York University Medical School, and of Dr. G. F. Kempf, of the Indianapolis City Hospital The specimens were handled aseptically throughout. Each specimen, whether of fluid, pus, or tissue, was suspended in 15 to 45 cc. of sterile saline solution. The latter was then divided into three portions in sterile flasks. To each was added 7 drops of brom-thymol blue indicator. • To one flask was then added an equal volume of 6 per cent (by weight) sulfuric acid and to a second flask an equal volume of 3 per cent (by weight) NaOH. Mter 15 to 20 minutes the contents of these two flasks were neutralized to the color reaction of the third (untreated) flask. The volume of the contents of the three flasks was then made the same by additions of sterile saline. Cultures were made on several solid media (slants) by pipetting 0.35 cc. of the suspension into the culture tube. The usual procedure of centrifuging the tubercuious material was eliminated so that growth on the primary cultures would be sufficiently sparse that individual colonies could be studied. The tubes were sealed with melted paraffin and incubated in a dark room at 37°C.
In some instances the tuberculous material was first inoculated into guinea pigs. These animals were killed with chioroform after 30 days, the spleen or femoral bone marrow removed aseptically, and cultures made in the manner described above.
For purposes of comparison with these freshly isolated, non-sputum strains of organisms, two additional strains of baciUi were isolated from the sputum of patients with rapidly advancing pulmonary tuberculosis. Both strains were cultivated indirectly from guinea pigs inoculated with untreated sputum, and one of the strains was also cultivated directly after digestion of separate portions with NaOH or H2SO~, as previously indicated.
All cultures were examined periodically with a binocular dissecting microscope and the final observations were made after 4 months' incubation.
Three general types of colonies were observed and each was present in cultures of every strain studied. They may be described as follows:
1. Rounded, glossy, hemispherical or sometimes broad and low, margin entire, no tendency to spread, moist and non-granular, easily suspended in saline. This type was designated S, indicating smooth ( Figs. 1 and 2 ). * Growth recorded as scant (1 to 5 colonies), fair 6 to 20 colonies), good (21 to 100 colonies), and excellent (101 to 1,000 colonies per culture. Estimates were made of the per cent of each type in each culture. The per cent multiplied by 5, 20, 100, or 1,000 gave the figure recorded. Example: 50 per cent, growth fair (0.50 X 20 = 10). Any one figure in the table may be a composite for any number of cultures.
t These cultures not primary isolations but from a guinea pig inoculated with second cultural generation.
2. Broad, spreading, flat, finely granular, moist or dry, center often elevated, margin more or less irregular, rather easily suspended in saline. This type was designated I, indicating intermediate, and is similar to or identical with the type heretofore designated S (Fig. 
3, B).
3. Coarsely granular, wrinkled, d r y colonies of irregular contour, rising sharply from the medium but adhering to its surface, suspensible in saline with difficulty. This form was designated R (Fig. 3, C) .
The observations of the cultures made in primary isolations of seven strains of tubercle bacilli from sources other than sputum and of two strains from sputum are recorded in Tables I and II.  Table I presents the data on the source of each culture with an approximation of the whole number of colonies of each type present in all of the primary cultures of each strain. Table II is a composite of the data presented in Table I and shows the per cent of each type of colonies present in primary cultures of sputum and non-sputum strains. Tables I and II show that the incidence of smooth colonies in the cultures was far lower in the sputum strains than in the strains from other sources (with only one exception, Strain 3421). Strains Kilty * See footnote (*) Table I. 3103 and 3422 (Fig. 2) showed the highest per cent of smooth colonies, namely, 100, 78, and 72 per cent. The figures for the latter two strains are more significant as they include a greater number of cultures. All of the strains considered in the tables, except Nos. 3421, 3422, and Burroughs, have been classified definitely as human strains by virulence tests in guinea pigs and rabbits. The differences noted in colony forms of sputum strains, as compared to non-sputum strains, cannot therefore be charged to differences in the type of organisms. It must be stated, however, that cultures predominantly smooth may be obtained on subcultivation of strains isolated from sputum (Fig. 4) . It is therefore clear that freshly isolated tubercle bacilli from sources other than sputum do grow in colonies which conform in appearance to the S forms of other pathogenic bacteria.
T h e r61e of culture media a n d of m e t h o d s of avoiding c o n t a m i n a t i o n s will be discussed in the following section.
Second Experiment
Material and Methods.--Each of eight human and eleven bovine strains of tubercle bacilli were inoculated intravenously into two rabbits and subcutaneously into two guinea pigs, a total of thirty-eight rabbits and thirty-eight guinea pigs. Cultures of the same age, grown on Corper's (28) egg yolk glycerine medium, or on Petroff's egg gentian violet medium were employed. The inoculating dose for each animal, both rabbits and guinea pigs, was 0.1 nag. of moist bacilli. Of the animals receiving human strains, one rabbit and one guinea pig were sacrificed at 30 and one at 60 days. Of the animals receiving bovine strains, one rabbit and one guinea pig were sacrificed at 30 days. The spleen or femoral bone marrow, or both, were removed aseptically and placed in sterile containers. Cultures were made as described in the previous experiment, from untreated, acid-treated, and alkali-treated tissue suspensions. The three portions of suspension were each seeded on at least three media which included (1) Cultures were examined periodically and finally, after 4 months' incubation, as in the previous experiment. The results described below as to types of colonies noted are the final results, as it was observed that the type of colony oftentimes changed with prolonged incubation. For instance, at 3 weeks some of the cultures showed a number of small colonies having the appearance of tiny droplets of cream. In a few instances some of these colonies became granular when incubated longer. Only the final appearance is considered therefore. Contaminated cultures were discarded and not considered in the computation of results. Needless to say, the greater number of these were in the cultures from tissues which were not treated with acid or alkali. A number of cultures showed no growth.
Two of the human strains used in this experiment were not included in the first experiment. They were (1) the H-37 strain isolated at Saranac in 1905 by Dr. E. R. Baldwin and obtained several years ago through the generosity of Dr. S. A. Petroff, and (2) a strain designated "Jamaica" isolated in November, 1933, from a Jamaican native and obtained through the courtesy of Dr. J. Freund, of Cornell University Medical School. The eleven bovine strains were all, save one, isolated by Dr. Theobald Smith, through whose munificence they were obtained. The other bovine strain was isolated by Ravenel and was supplied by Dr. E. R. Long, of the Phipps Institute. Each of the human strains produced progressive tubercu-losis in guinea pigs and retrogressive lesions in rabbits. The H-37 and Jamaica were the least virulent of the human strains, though by no means avimlent. Five of the bovine strains proved to be of very low virulence. Two others were of moderate virulence and four were of high virulence. All of the virulent bovine strains produced progressive tuberculosis in both rabbits and guinea pigs. 1
The data on the cultures of human and bovine tubercle bacilli are included in Tables III and IV respectively. This experiment constitutes an animal passage and re-isolation of each strain. As in the first experiment, a large number of S colonies were present in the cultures, both of human and of bovine bacilli. The S colonies of human bacilli showed no striking difference from the S colonies of bovine bacilli (Figs. 5-7) . Some of the cultures showed only a few S forms, while others were composed almost exclusive]y of them. Among the bovine cultures a few S colonies appeared in strains of intermediate and low virulence, whereas in the strains of greatest virulence the colonies were predominantly or wholly of the smooth type (Figs. 5-7) . The same was true of the cultures of human strains, the smaller number of smooth colonies being found in the cultures of the two strains of least virulence; namely, Jamaica and H-37.
From the data included in Tables III and IV , it may be seen that, under the conditions of this experiment, medium Formula 2, namely Corper's, was definitely superior to the others, both as regards number of positive growths and the development of S colonies. In the light of previous investigations, this observation is not surprising as it was found (2'8) that egg white (contained in Formulae i, 3, and 6) was of little value as a nutrient for tubercle bacilli and might even exert an inhibitory effect. Moreover, it was previously shown in a well controlled experiment (28) that the addition of peptone and meat infusion to egg yolk (as in Formulae 4 and 5) did not appreciably increase the nutrient qualities of the media. Undoubtedly if medium Formula 2 alone had been used, the per cent of cultures with smooth colonies would have been much higher.
Tables III and IV also indicate that the routine procedure of treating tuberculous material with acid or alkali to destroy contaminating organisms may have a marked effect on the type of colony which per cent, and the untreated showed 61 per cent, differences which we believe to be highly significant. N a O H seemed in each instance to have a slightly greater tendency against the development of smooth colonies than did H2S0~. In the elimination of contaminating organisms N a 0 H and HAS04 appeared to be equally efficient. From the above results it is evident t h a t virulent cultures of tubercle bacilli of either bovine or h u m a n origin, after animal passage and reisolation, show a considerable number of rounded, shiny, non-granular colonies, t h a t these colonies are most numerous in cultures of greatest virulence, and t h a t N a O H and H2S04 treatment is not conducive to formation of S colonies. The significance of the presence of smooth colonies in cultures of low virulence remains to be determined.
Third Experiment
Material and Methods.--Strains Kilty and MR, used in Experiment 1, were used for additional studies. In the initial transplants only smooth or intermediate colonies were transferred. The subcultures grew predominantly as intermediate colonies, that is, low, fiat, somewhat spreading, veiled, and finely granular, but there were also a moderate number of smooth colonies.
The first subculture of Strain MR was grown on egg yolk 30 per cent, glycerine 6 per cent, peptone 2 per cent (Formula 4). After 115 days' incubation, a portion of the growth was emulsified in saline and seeded on the surface of Corper's medium which had been adjusted by the addition of N/1 NaHCOs to pH 6.4, 6.7, 7.0, and 7.4. The original pH of two lots of this medium before adjusting was 6.15 and 6.2. These cultures were made in triplicate or quadruplicate. The inoculum was made quite dilute so that the individual colonies could be studied. The pH determinat.ions were maxle by the glass electrode method through the courtesy of Dr. I). A. MacInnes, by Dr. L. G. Longsworth.
In attempting to adjust the pH to the desired values, N/1 NaOH was first added to two portions of the medium. It was noted that immediate coagulation of the medium occurred on introducing alkali, making small masses of solid in the surrounding liquid. It was obvious that the coagulated and fluid portions might have different pH values. The contents of these two flasks were then filtered through fine, sterile cheese-cloth to remove the coagulated material and the four lots of medium were adjusted to the desired value by adding small amounts of ~/1 NaHCOs. Mter the appropriate adjustments had been made, the medium was inspissated in the usual manner in pint Blake bottles. After inspissation the pH of two lots of the medium wasdetermlned. It was found that themedium to which had been added the greatest quantity of NaHCOa had changed in pH to 8.0. The pH 6.4 portion, to which had been added the least NaHCOa, had changed only slightly, namely, to pH 6.5 (Table V) .
The pint Blake bottles were incubated on a slightly inclined plane, so that water of condensation would collect at one end. The medium was placed downward, so that the bacilli grew above the surface of the medium. The bottles were sealed with cellophane caps.
Marked differences were noted both in the amount of growth and the types of colonies which appeared in the four groups of cultures. Growth was luxuriant at 6.5, somewhat less so in the next series, and much less vigorous on the all~,llne medium. At pH 6.5 the colonies were large, white, roundincontour, flattenedwith convex surface, shiny, and non-granular (smooth). In the cultures adjusted to pH 6.7 (after inspissation about 7.0) the colonies were beautifully dissodated, about half being of the S form, as in the preceding group, and the remainder being dry, granular, and irregular in contour (intermediate and rough). In the cultures adjusted before inspissation to pH 7.0 and 7.3, the growth was much less luxuriant and only the intermediate and rough types of colonies were seen. For details see Table V .
The second serial subcultures of the freshly isolated Kilty (human) strain were grown on tubes of Petroff's gentian violet egg media. These cultures showed only finely granular, spreading (intermediate) colony forms. After 56 days' incubation dilute suspensions of the organisms were made and seeded on the surface of media in pint Blake bottles. The use of Blake bottles affords a large surface for growth so that many colonies may be studied, the moisture is better retained in the media than in Petri dishes, and the organisms are furnished a relatively large volume of air during growth. In this experiment 98 cultures were made on the following media formulae: (a) Corper's egg yolk-glycerine medium. Sharp and striking differences in the colony morphology of organisms grown on the three media were noted. On standard Corper formula (twenty-two cultures) the growth was abundant and consisted of three principal types of colonies, as described in Experiment 1. It must be noted, however, that the smooth colonies were all small, rounded, and none exceeded 4 ram. in diameter. These smooth colonies constituted not more t h a n 15 per cent of the total, the remaining 85 per cent or more being of the intermediate and rough forms (see Figs. 8 and 9 ). In the cultures (ten bottles) on Corper's formula, to which had been added 2 per cent Fairchild's peptone, the smooth colonies constituted about 65 per cent of the growth. These smooth colonies ranged in size from 2 to 7 mm. in diameter, were moist and shining, and showed a pale yellow-green color, the significance of which is, as yet, undetermined. The remaining 35 per cent of colonies were of the intermediate and rough forms. Sixty-five cultures on Corper's formula to which was added sodium bicarbonate, also showed about 65 per cent smooth and 35 per cent intermediate and rough colonies. In these, however, the colonies were non-pigmented. The smooth colonies ranged up to 8 ram. in diameter and were very moist. At 30 days some were so mucoid that they would flow slowly across the medium when the surface of the latter was sharply inclined. On aging (and drying) these colonies lost some of their luster and showed a very fine structure (Figs. 10 and 11 ). These smooth colonies could be suspended uniformly and with ease in saline.
Additional experiments are in progress to determine (1) whether various strains and types of tubercle bacilli show an optimum pH for development of S colonies; (2) the significance of S colonies in virulent and less virulent strains; and (3) the antigenic relationships of S and other colony variants.
DISCUSSION
The observations of this study differ from those m.ade by previous workers investigating phenomena of dissociation in cultures of tubercle bacilli, in that colony forms have been recognized which resemble in appearance the smooth forms of other bacteria. The smooth colonies were first obtained in cultures freshly isolated from sources other than sputum. They were most numerous when the inoculum for the culture had not been treated with acid or alkali. Preliminary observations indicate that the pH of the media on which freshly isolated non-sputum strains of tubercle bacilli are grown may be an important factor in determining the form of colonies which develop. Certain media seem also to be more favorable for the formation of smooth colonies than do others. In regard to the apparent influence of peptone toward the formation of smooth colonies (third experiment), it must be noted that this is possibly an effect only of pH. The peptone solution added to the medium is alkaline and the effect of weak alkali in the same basic medium was similar to that of peptone.
Parallel and that in strains of less virulence other types of colonies predominate. This observation is similar to that of Dawson and Olmstead (29) in the case of streptococci. It must be added, however, that all strains showing smooth colonies are not necessarily of high virulence. It will be shown elsewhere that in the case of two non-chromogenic strains of avian tubercle bacilli, each of which produces only smooth colonies, one is virulent while the other is relatively avirulent. The full significance of such observations as those described in the present study must be determined by further investigation. However, it is believed that the normal colony form for fully virulent tubercle bacilli of mammalian origin, under the most favorable circumstances, is smooth. Moreover, it is believed that environment unfavorable to the organisms, whether in vivo or in vitro, tends toward the development of finely and then more coarsely granular colonies, with attendant changes in virulence and antigenic structure. Again these observations and considerations differ from those of others in that smooth colonies are recognized which have heretofore not been observed, or have been regarded as of little significance. ~ SU1wMARY 1. Smooth, round, shiny, non-granular, and non-spreading colonies have been observed in cultures of virulent tubercle bacilli freshly isolated from eight human sources other than sputum. The classification of six of these strains as of human type was established by inoculation into rabbits and guinea pigs.
2. The 3 per cent NaOH or 6 per cent H,SO4 frequently used in the isolation of tubercle bacilli are definitely unfavorable to the development of smooth colonies.
3. It was observed that smooth colonies are produced in greater number when the pH of the medium (Corper's egg yolk-glycerine) is adjusted to a point near to but slightly on the acid side of neutral.
While the present work was in progress a preliminary communication by Alexander (30) appeared, in which the author obtained smooth, convex, glistening colonies of human tubercle bacilli on Bordet-Gengou medium modified by the addition of 0.0004 per cent ferric chloride. The writer mentioned that there were differences in the lesions produced by the R and S forms, and that the S forms were somewhat more virulent. Details of this work have not yet appeared. Age 129 days. × 5. Fro. 11. Another field, same culture as in Fig. 10 . × 8.5. In order to make photographs of these cultures they were removed from the containers and placed in Petri dishes, the covers of which were replaced by plate glass. Photographed on horizontal stage with 75 ram. lens, diaphragm 8 ram. Wratten and Wainwright, M plate. £ointolite with aspheric condenser.
